INTRODUCTION
The growing financial globalization and market integration, the result of the greatest financial liberalization of the countries, the high capital mobility and the large numbers of international economic flows, resulted in closer and closer relationships between the financial markets, whether they are developed or developing ones. This phenomenon, added to the recent financial crises, provoked greater interest on the events of volatility transmission and information flow between the markets.
According to Hwang (2014) , evaluating the co-movement of financial asset returns in the global capital market and the propagation of financial crises is important for asset allocation and risk management. Moreover, not only investors and companies, but also the government has interest in the crisis propagation studies. Their main concern regarding that is that their countries'economies would be affected by a crisis whose origin took place in another country. Among them, the 2008 international financial crisis, known as the "subprime crisis", as it was considered the biggest and most important crisis since the Great unification of the markets around the world, reflected on greater and greater relationships between the developed and developing financial markets. That happens via trade, financial flows, exchange of technologies and information and the movement of people.
For the contagion and interdependence characterization, we adopted Forbes & Rigobon's (2002) most accepted and widely used definition that contagion is characterized by a significant increase in the market bonds after the occurence of a shock in a country or group of countries. On the other hand, the interdependence was defined as the existence of a high correlation level between the financial markets, suggesting strong bonds between those two economies, whether in times of crisis or in periods of relative stability. Given the background, we considered the return and volatility spillovers between markets a type of interdependence, which may or may not characterize contagion.
An important factor is the spillover direction. Literature broadly approaches the spillovers, which take place from developed countries to the developing ones, as pointed by the results of the studies by Calvo & Reinhart (1996) , Mericet al. (2001) , Bae, Karolyi & Stulz (2003) , Hwang (2014) , Matos, Siqueira & Trompieri (2014) , Valenzuela & Rodríguez (2015) and Coronado et al. (2016) . Nonetheless, it is possible that they also exist from developing countries towards the developed ones, between the developing ones or even between the developed ones. Moreover, the existence of skewness in co-movements between different capital markets is very common. Usually, they indicate that a negative shock in a market causes more overwhelming reactions in other markets than a positive shock of the same magnitude. Such a fact is known as "leverage effect".
Considering that the majority of the studies approach this spillover issue only in the stock markets and the indexes of the developed countries for the developing ones, the study aims to answer the following question: How do the level 2 and 3 ADR markets of Latin American companies behave in relation to the main developed and developing capital markets of Latin America as part of an international financial crisis, regarding the phenomena of interdependence and skewness of returns and volatility?
Thus, as the overall purpose of this study, we sought to detect and measure the interdependence phenomenon, comprising the return and volatility spillovers and their asymmetries, between the main Latin American capital markets and the developed countries, during the last international financial crisis -the U.S. subprime crisis. We looked into this phenomenon considering both their market stock indices, and the American Depositary Receipts -ADRs of Latin American companies.
The ADR market had growing importance in the last decades, especially for companies headquartered in developing countries. After financial liberalizations which took place in the 80´s and 90´s in these markets, there was a large increase in the number of companies of these countries which did dual-listing of their shares issuing depositary receipts, mainly in the U.S. capital market.
Several reasons why companies decide to dual list, that is, issue depositary receipts (DRs) in developed markets, such as the ADRs can be listed. The hypothesis of market segmentation is one of the main explanations, and it defends that the ADR issuance allows investors to avoid boundary barriers for the investment, for instance, regulatory restrictions, information problems, such as little informative accounting practices, or even the lack of knowledge of a security. These factors are particularly important for developing markets, especially those of Latin America, whose capital markets still present several impairments, such as lack of long-term funding sources, low liquidity, little international visibility of the securities, high interest rates, low corporate governance and disclosure standards, among others.
Other possible explanations are: the liquidity hypothesis, the information environment and the hypothesis of corporate governance and bonding. The latter one, more adherent to the research proposal, states that when bonding to more developed markets via the ADRs issuance, the companies signal the investors greater growth perspectives, more sobriety and commitment, reducing the information skewness and agency problems.
Thus, several studies list the advantages of ADRs issuance for the companies, such as those of Fanto & Karmel (1997) , Hales & Mollick (2014) , Kiymaz, Alon & Veit (2009 ), Mittoo (1992 , Wang, Li & Chen (2010) and Vázquez & Jiménez (2016) . Among them, it is worth highlighting: increase the company's exposure in global markets, raising its visibility and reputation, counting on broad coverage among the analysts and the press; business expansion; enlargement of investor base to raise more expressive capital volume without depreciating their share price in local markets; greater liquidity and volume traded of their bonds; and potential reduction of their capital cost. Moreover, the foreign companies have access to the richest and most developed market in the world. These advantages are present especially for the level 2 and 3 ADRs, that is, those that are registered at the SEC and traded in the main North American stock exchanges. These securities need to meet all the SEC requirements of disclosure and reconciliation of their financial statements for U.S. GAAP or IFRS, as well as follow the listing rules and corporate governance standards of the U.S. Stock exchanges, the same way as the U.S. domestic companies do.
Thus, in general, the companies of developing countries, specially the Latin American ones which are addressed in this study, issuing of levels 2 and 3 ADRs, have characteristics very similar to those of the companies headquartered in developed markets, compared to the others of their home country, as pointed by the studies by Kiymaz, Alon & Veit (2009) , Levine & Schmukler (2006) , Vázquez & Jiménez (2016) and Wang, Li & Chen (2010) . For instance, in general, they present standards of corporate governance and higher disclosure, greater liquidity and visibility of their bonds, have easier access to long-term loans at lower interest rates, etc. Therefore, as highlighted by Chandar, Patro & Yezegel (2009) , it is expected that the dual-listing companies of developing markets react to shocks differently from the other companies operating in their domestic market, due to the market segmentation, as well as their peculiarities.
Thus, in this study, we checked whether there is more interdependence between the ADRs of the Latin American companies traded in U.S. stock exchanges and more advanced markets than to their origin markets in general.
METHODOLOGY
The Latin American countries comprised in this study were: Brazil, Argentina, Chile and Mexico. Besides being the only ones with a representative number of ADRs traded in stock exchanges in the analysis period, they have the most developed capital markets of the region. The other elegible Latin American countries -Colombia and Peru -presented just two and four of these bonds in the period, respectively. In the developed group, the following countries were included: the United States of America, Japan, the United Kingdom and France, representing the largest world economies and the most advanced capital markets, both in terms of product and market capitalization.
As data, we used time series of daily log returns of the main stock indices of markets of eight countries, from June/2008 to May/2015. They are: S&P500 (USA), Nikkei 225 (Japan), FTSE 100 (the United Kingdom), CAC 40 (France), Ibovespa (Brazil), Merval (Argentina), IPSA (Chile) and IPC (Mexico). They were chosen due to their capital market representation of the country, both in terms of trading volumes and number and variety of shares comprised. Furthermore, four ADRs indices were created, one for each Latin American market in question, whose methodology was one of this study contribution and it is described next.
In the dates in which some markets operate, while others do not, such as different holidays in the countries, for example, the historical series were equated considering the occurence of null returns in such dates. Moreover, we excluded from the series the days in which no trading occurred in all the markets analyzed simultaneously, such as Saturdays, Sundays and common holidays, following the criterion usually applied in empirical studies, such as Barba & Ceretta's (2011) . That resulted in a total of twelve time series containing 1,819 returns each.
Methodology of creation of ADR indices
The four ADR indices were formed by the quotes of their respective level 2 and 3 depository receipts traded in the main U.S. stock exchanges (NYSE, AMEX and NASDAQ). The choice of the criteria for setting them up was carried out based on that adopted by the main renowned international market indices, so that they presented consistence over time, and could be compared and analyzed between different markets, and that they were replicable by any investor who is interested in the future.
For the calculation of the indices, the following criteria was established:
a. Periodicity of the portfolio assembly and weighting
In this study, the quarterly periodicity was adopted both for the ADR potfolio assembly, and the weighting of each bond weight. Thus, regarding the months in which the assembly and weight of the portfolio assets remained fixed, the following quarters were defined: June to August; September to November; December to February; and March to May.
b. ADR inclusion and exclusion criteria in the portfolio assembly
The inclusion criteria adopted for its composition are the following:
• have been traded, at least, in 80% of the auctions of the year previous to the begining of the portfolio; • present daily average closing price higher than one dollar in the last quarter before the beginning of the portfolio; • be the only ADR of the company traded in the period of the portfolio assembly or the security with the highest average trading volume of the year before the beginning of the portfolio. In the final sample, 89 ADRs of the following countries were included: Argentina (21), Brazil (33), Chile (13) and Mexico (22).
c. Relative weight of each security
The ADR indices created for the Latin American countries were pondered by the market values of the shares, which were in circulation of each company included in the portfolios, according to the majority of the main international market indices.
d. Arbitrary score of a base date
For the calculation of the ADR indices, it was necessary to define an arbitrary score, which would initiate the quotes. Most of the market indices adopt the following values 10, 100 or 1,000 for such objective. Since the 1,000 value is the most used one for indices having relatively recent start date, it was adopted for this study as the initial value of the indices. Thus, that was the quote value of each index on the base date set (05/30/2008), which is the first day of the data series.
e. Index calculation
For the index calculation, when an ADR enters in a portfolio, following the inclusion criteria described, it remains in it until the end of the quarter, and its weight, calculated by the index weighting criteria, is unaltered during this whole period. In the cases in which the security was not traded in some day of the quarter of the portfolio, the quote of the day before was repeated, filling in all the missing values before the index calculation in that day.
Therefore, 28 portfolios were created for each index, and the following quarters were defined: June to August, September to November, December to February and March to May.
Data Analysis
For the data analysis, first we conduceted a comparison between the main characteristics of the ADR indices of the market of the eight countries approached via a descriptive analysis. We also applied the Jarque-Bera test applied aiming to check whether the time series of the daily returns of the indices in analysis followed a normal distribution. To check whether the logarithmic returns were stationary, four stationary tests, called root tests, were used. They are: Augmented Dickey-Fuller test (ADF), Phillips-Perron test (PP), Elliott-RothenbergStock test (ERS) and Kwiatkowski-Phillips-Schmidt-Shin test (KPSS). Besides those, we used the BDS test to check the linearity of time series of return indices, that is, whether they presented independent and identically distributed behavior (i.i.d.). The results indicated that all the series followed a non-normal distribution, were weakly stationary and nonlinear, that is presented time dependence.
Then, we researched the phenomenon of interdependence between the capital markets of the two groups of countries -Latin America and developed ones -and the possible asymmetries present in the return and volatility spillovers by multivaried techniques. Two multivaried asymmetric VAR-MGARCH models were estimated:
• Model I -made up of the four ADR indices of Latin America and the stock indices of the developed countries; • Model II -made up of the eight stock market indices included in the sample. The number of lags chosen for the VAR models was the one that minimized the statistics: AIC (Akaike Information Criterion), BIC or SC (Bayesian Information Criterion or Schwarz Criterion) and HQ (Hannan-Quinn Information Criterion). Nevertheless, since they indicated different values, we used the value indicated by the BIC test, which was a lag. The reason is that in case of non-conclusive results on the number of lags, obtained by different tests, the BIC statistics tends to offer a more parsimonious indication, as demonstrated by Lütkepohl (1985) .
The White test was applied to detect the presence of conditional heteroskedasticity in the residual series of the VAR models estimated. Their results indicated there is this effect and, so, a multivaried GARCH model can be estimated from the residues of each VAR.
Thus, in the VAR-MGARCH models, the VAR was used as mean equation, while the GARCH, as variance equation. Regarding the order of autoregressive terms of the MGARCH models, the first lag was chosen both for the ARCH and for the GARCH and TARCH (asymmetric) terms. Therefore, the final model applied could be described as VAR (1)-MGARCH (1,1,1), with Diagonal VECH representation, proposed by Bollerslev, Engle & Wooldridge (1988) and presented next. The daily conditional correlations between the pairs of indices resulting from these models were also analyzed.
According to Felipe & Diranzo (2006) , for a vector Y t [n x 1], whose matrix of conditional variance and covariance is given by H t [n x n], the VECH-GARCH representation has the following specification:
where H t is a matrix [n x n] of the conditional variances, with the elements out of the main diagonal, representing covariances; A 0 is a defined and positive matrix of the parameters; A i and B i are matrices of parameters; ε t are the error terms associated to the equations of the return averages y t ; vech is an operator, which, applied to a symmetric matrix, makes a rearrangement of the elements of the lower triangle in a column.
Finaly, to check the diagnosis of the estimated VAR-MGARCH models, we applied the Portmanteau Ljung-Box test. The lags up to 24 were tested, and for both models, the null hypothesis of absence of serial autocorrelation in the residues was not rejected, as expected. Figure 1 shows a graph with the evolution of the quotes of the four Latin American ADR indices. A sharp drop is observed, in the initial period, from June/2008 on, in all the indices in a similar way, due to the climax of the subprime financial crisis. Nevertheless, in the following years, they presented a quote recovery, which was not uniform among the countries. Figure 1 . Quote evolution of the ADR indices. Table 1 shows the main descriptive statistics of the daily log return series of the capital market indices under analysis. We can observe that the averages of the returns of the Latin American market indices were higher than those of the ADR indices in all the countries. Nonetheless, the ADR indices presented greater volatility, by the greater standard deviation mean. Another fact is that the Latin American stock indices showed greater return and risk in relation to the developed ones. On the other hand, the skewness values showed in the table indicate that the distribution of the index returns are not symmetrical, since they present excess of kurtosis and fatter tails, being characterized as leptokurtic. Figure 2 shows the behaviors of the daily returns of the twelve time series over the period from June/2008 to May/2015. It is verified that the return graphs present an oscillation around the value of zero. It is also possible to observe the presence of volatility clustering at some moments. The most significant one and that was present in all the indices took place in the period between the second half of 2008 and the first half of 2009, when the subprime crisis reached its climax. There is also another clustering present on the second half of 2011 in most of the indices, which correponds to the moment in which the debt problem in countries of the Euro Zone rebounded in the international markets, both in the developed and developing ones, in this case, those of Latin America.
Analysis of the main characteristics of the indices
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RESULTS

Interdependence phenomenon
For the multivaried asymmetric VAR-MGARCH I and II models, the coefficients of the equation of the conditional mean of return are found in tables 2 and 3, respectively.
Clearly, the United States appeared to be the most influencing country. There were return spillovers from its market to all the developed ones as well as to the four ADR indices of Latin America and to the market index of Chile. In turn, France was also able to impact the other developed ones and the market index of Chile, but it did not have significant influence on the ADR indices. Figure 2 . Graphs of the behavior of the daily log returns. The actual spillover of returns were present in the following markets: Mexico ADR index and the market indices of Brazil, Chile, Mexico, the United States, France and Japan. That means that, in these markets, the t-1 returns are predictors of returns in t for their own indices.
The coefficients of the conditional variance and covariance equations are shown in tables 4 and 5 for the VECH MGARCH I and II DiagonalVECH models, respectively.
We can observe that the A1 coefficients of all the index pairs were positive and significant at a 5% significance level. That means that the volatility spillovers are positively correlated between the markets, that is, a shock in a market tends to increase the volatility in another one. In turn, the presence of the statistically significant B1 coefficients in the model, corresponding to the GARCH terms, indicate that the conditional volatility of a certain market depends on past conditional volatilities. Thus, it measures the volatility persistence level in the model. We can also observe that the impact of the ARCH (A1) terms is considerably lower compared to the GARCH (B1) terms in a market volatility forecast. It is an indication that, in these markets, the past volatility has greater predictive power on the current volatility than the past shocks or innovations of the returns (errors).
The values highlighted in the diagonal of the matrixes A (i,n) and B (i,n) reveal the so called own-volatility spillovers, that is, how values of past shocks and a market volatility impact its own current variance. This phenomenon was present in all the markets in an expressive way. Nevertheless, in general, it presented greater intensity in the Latin American countries than in the developed ones, both considering the ADR indices and the market indices. Regarding the skewness in the volatility spillovers, only some coefficients D1 (TARCH) were statistically significant at the 5% level. For these indices, specially, the return volatility tends to be greater in response to negative shocks than to positive ones. This effect was present mainly in the own-volatility spillovers of the developed markets, and it was observed in the markets of the United States, France, the United Kingdom and Japan. On the other hand, in the Latin American markets, just the Chilean market index presented this effect. In turn, in the volatility spillovers, the skewness was relevant only for what happens between France and the United Kingdom. Another finding is that the relative skewness magnitude was greater in the own spillovers than in the volatility spillovers between the markets, and Japan was the country with the steepest skewness in own spillovers.
Finally, we performed an analysis of the daily conditional correlations between each pair of variables, resulting from the models. Table 6 shows a summary of its main characteristics. We can observe that the correlation increase from 2008 to 2009, period of the subprime crisis climax, in all the market groups. On average, in general, the correlations increased about 10% in 2009, compared to those of the year before.
We can also observe that the ADR indices presented higer correlations with all the developed markets, whose average was 0.468, in comparison to the indices of Latin American markets, whose average was 0.384. The correlations between the Latin American markets, specially the ADR indices, and the United States are higher than those between these markets and the other developed countries.
Finally, the regional correlation among the Latin American countries were significant, mainly between the ADR indices, which presented an average of 0.66, while this value was 0.46 for the market indices of these countries.
DISCUSSION
Characteristics of the indices
All the indices presented some typical characteristics of financial return series, known as "stylized facts", which were: distribution of non-normal and asymmetric returns, excess of kurtosis, that is leptokurtic, with the presence of fatter tails. Nonetheless, despite being present in all the markets, the ADR indices had the highest skewness and kurtosis values. Moreover, all the series were weakly stationary and nonlinear, since their returns did not present independent and identically distributed behavior, indicating the existence of their time dependence. These results were the same found by most of the empirical studies in the field, for instance, Cont (2001) and Praetz (1972) . Another aspect which was present in all the indices was the forming of volatility clustering over time. According to Ning, Xu & Wirjanto (2015) , this is a well-known stylized fact of asset financial returns.
The Latin American market indices presented greater return and risk compared to the developed countries. The reason is that, on average, their daily returns and standard deviation were higher to those of the second group. This finding is in accordance with the classical finance theory of return and risk, known as Markowitz Modern Portfolio Theory (1952), which pressuposes that the greater risk assets have higher returns. That was present in almost all the studies that assessed this aspect of developing markets, such as Bekaert & Harvey's (1997) and Fayyad & Daly´s (2010) . The exception was Brazil, whose mean return was the lowest of all, being, in fact negative, a fact that can be justified possibly due to internal problems faced by the country during that period.
On the other hand, the ADR indices, despite their average return had been lower than that of the market indices of their respective countries, showed higher mean volatility and, therefore, higher risk. That signals a spacing from the standard presented by the mature economies and it tends to go against what would be expected by the Markowitz Modern Portfolio Theory (1952) , in which the greater risk assets should also present higher returns. One of the possible justifications for that would be the small number of companies and the great concentration present in the ADR indices in general, compared to the market indices, causing the fluctuations which occured in an isolated company, or in few of them, to have great impact on the overall index, resulting in higher volatility. There is also the fact the investors consider the market risk of both countries in the ADRs, which would rise their volatility in face of the indices of the countries singly. However, for a more concrete analysis of such statement, which goes against the theory, it would be necessary to add the beta of the companies as control variable. Thus, the systemmatic risk would be controlled, allowing just the market risk.
Interdependence Phenomenon and asymmetries
The multivaried asymmetric VAR-MGARCH models, with Diagonal VECH representation, allowed capturing the spillover effects of both of the returns and the conditional volatility between the variables, in the case the indices of different markets, as well as their possible existing asymmetries.
Regarding the return spillovers, the North American market is the one that influences the other markets the most. There is this U.S. market effect in the four developed markets, as well as in the Latin American markets. A justification for this phenomenon is the trading volume of the U.S. market in comparison to the other countries'. It is worth highlighting Mexico, which had a great frequency of significant parameters, pointing out its influence in relation to the other Latin American countries. Nonetheless, it is observed that these have greater presence and with more intensity in the ADR indices in relation to the Latin America market indices. The reason is that there are U.S. return spillovers to all the ADR indices, while this phenomenon only happens for the Chilean market, among the stock indices of Latin American markets. The relationship of the U.S. index explaining the ADRs is also justified by an endogeny in these markets. Because the securities are traded in the same market, the investors tend to take the same market risk.
Moreover, in general, the ADR indices also presented more influence power on the others compared to the market indices, especially the Mexican one. Nevertheless, an interesting fact is that pratically there are no return spillovers from other developed countries to the Latin American markets, that is, the returns of the day before of the other mature economies do not impact the current returns of the Latin American markets significantly. The only exception is its existence from the French to the Chilean market index. That indicates that these other three markets -the British, French and Japanese -are less influent on Latin American countries.
We also found this ADR index relationship closer to the developed markets than the domestic ones in the study by Chandar et al. (2009) . They found that the dual-listing companies react significantly to shocks accured in local markets in a less negative way than those that do not have DRs traded, particularly after the crisis. The results are consistent to the forecasts based on market segmentation theories as well as differentiated disclosure and governance standards between developed and developing markets. Boyer, Kumagai & Yuan (2006) , in a study carried out with developed and developing countries, despite not having used dual-listing companies, reached results that also confirmed those of this study. Separating the shares of developing markets in two categories, those which are elegible for purchase by foreign investors (accessible) and those which are not (non-accessible), their results showed greater co-movements for the returns of the accessible share indices, specially during periods of high volatility.
Thus, while the ADR indices are significantly influenced just by past U.S. returns and the Mexican ADR index, the Latin American market indices are more regionally influenced, by the Latin American countries themselves, than by the developed ones, since only Chile is impacted by past U.S. and French returns. Furthermore, the benefits of Latin American market diversification is confirmed. Morck, Yeung & Yu (2000) , in their empirical study, when comparing the behavior of developing and developed markets during financial crises, we also found out that the share prices move more jointly in poor economies than in the rich ones. In this regard, Valenzuela & Rodríguez (2015) did not identify a strong volatility relationship between the United States and the rest of the Latin America in the period, except Mexico, which could suggest that the transmissions between the U.S.A. and the rest of the region is carried out through Mexico. This result is similar to that found in this study, in which Mexico was the most influent country among the Latin American ones. Specially its ADR index, since there were return spillovers from it to all the other ADR indices, as well as to the developed markets, but Japan. Several empirical studies also found return and volatility spillovers between developing and developed markets, and some found interdependence evidence, especially in the Latin America countries, such as those of Arouri, Bellalah & Nguyen (2010) , Barba & Ceretta (2011) and Hwang (2014) .
According to the results obtained by the MGARCH models, there were significant volatility spillovers in all the markets, indicating high existing interdependence between them in the period. Several empirical studies also found similar results, such as those by Rejeb & Arfaoui (2016) and Valenzuela & Rodríguez (2015) . The reason is that, for all the index pairs, a shock occurred in the t-1 returns of a market tends to increase the volatility of another one in t. Moreover, the conditional volatility of a certain index depends on past conditional volatilities of others. This last phenomenon was more significant than the previous one in all the markets, indicating that the variance of the day before has greater predictive power on their current volatility than their past errors, that is, within them there is the presence of high volatility persistence level. This is the common result found in several empirical studies in the field, for instance, Syriopoulos, Makram & Boubaker's (2015) .
Similar to the the return spillovers, the volatility ones are also more regionally intense between the Latin American markets themselves than between those and the developed ones or between the developed ones themselves. That is valid considering both the ARCH or error coefficients or past innovations, such as past variance GARCH.
Comparing the ADR indices to the Latin American stock market ones, we observe that the volatility spillovers referring to past shocks (errors) between the ADR indices and the developed ones presented greater intensity, on average, than those of the other group. This result is in accordance with what was expected, due to, mainly, the closer relationship of the dual-listing companies to the mature economies, especially the United States, in relation to the other developing markets.
Another ascertainment is that the own-volatility spillovers in the markets are stronger than the spillovers between them. This fact indicated that the effects of shocks and lagged volatility persistence resulting from the market itself presented greater magnitude than those resulting from other markets, whether for the Latin American markets, or for the developed ones. This ascertainment is in accordance to what was detected by Rejeb & Arfaoui (2016) .
In general, similarly to the return spillovers, the United States presented the greatest effects of volatility spillovers with the others. On the other hand, the Japanese market was the one which had this effect the least.
Regarding the skewness of the volatility spillover, opposite to what was expected, just some indices presented this effect. It was present mainly in the own-volatility spillovers of developed markets. The market index of Chile was the only one of the Latin American ones that had this phenomenon. On the other hand, in the volatility spillovers, the skewness was relevant just in what occurs between France and the United Kingdom. Several empirical studies also found the existence of asymmetric co-movements in international capital markets of developed countries, such as Koutmos & Booth (1995) , Li (2014) , among others. Nevertheless, contrary to this study results, some studies found this effect between developing and developed markets - Pagán & Soydemir´s (2001) and Rejeb & Arfaoui´s (2016) identified this phenomenon specifically between the countries of Latin America.
By the analysis of the conditional correlations resulting from the VAR-MGARCH models, we observe that such values between the developed markets, in general, were higher to those obtained between the Latin American markets and the developed ones, as expected theorically. It confirms the benefit of international portfolio diversification via financial assets of Latin America, even during an international financial crisis, like the subprime one.
On the other hand, the ADR indices clearly presented the greatest correlations among themselves and with the developed ones, corroborating the hypothesis that, due to their characteristics, their returns are closer to those of mature economies than to the others of Latin America. This effect is more significant between the ADR indices and the U.S.A., and of these, the Mexico ADR index was the one with the greatest correlation with the United States. In turn, the regional correlation between the countries of Latin America were greater than between the Latin American markets and the developed ones.
Finally, when analyzing the evolution of the conditional correlations between the index groups over time, we can observe that there was a rise from 2008 to 2009, period of the climax of the subprime crisis, in all the markets. This result is in accordance with what was expected, since, theoretically, the correlations between markets tend to increase in periods of crisis, as this one, as pointed by several studies, for instance, those by Arouriet al. (2010) and Hwang (2014) . From 2009 to 2010, they were still high, with a general increase of 2%. Although the aim of this study was not to identify the existence of contagion between the markets, this result indicates the existence of this phenomenon for these index groups in this period, deserving further future study. In 2011, they were basically in the same level, while in 2012 and 2013, all the index groups had a drop in these relationships. On average, they fell 18% from 2011 to 2013. That indicates that, probably, there was no contagion in these markets during the climax of the Euro Zone crisis, despite this conclusion it also requires further analysis. In 2014, they started to slightly rise, since, in general, they increased about 3%. Finally, in 2015, the results were mixed for the index groups.
CONCLUSION
The main conclusion of this study is that the ADR indices have more interdependence with the main developed markets because they behave more closely to them, compared to the Latin American markets analyzed, regarding the subprime international financial crisis. This conclusion can be justified by the market segmentation theory and by the own characteristics of these companies. Therefore, the ADR indices receive more influence from the developed markets, mainly the United States, and impact more significantly these markets, notably the Mexican ADR index in this aspect, compared to the Latin American market indices. Still in this context, these indices of dual-listing companies have greater conditional correlations to the developed ones and more intense return and volatility spillovers with this group of countries, despite presenting less volatility persistence. Moreover, their own-volatility spillovers have more intensity than the other market indices.
Another relevant conclusion on the results obtained is that, as expected, the main developing markets of Latin America differ from the developed ones in relation to several factors on the behavior of their return series, as well as for the interdependence phenomenon and asymmetries. In general, they receive and exert more regional influence, from the Latin American capital markets themselves than from the developed countries, indicating that the interdependence between these two country groups, despite existing and being significant, mainly at moments of crisis climax, is lower than that existing regionally between the Latin American countries themselves or that which exists between the developed countries themselves. That shows the developing countries of Latin America are more susceptible to local and regional effects than to global ones and it confirms the benefit of the use of the financial assets of these markets for diversification of international portfolios, even in case of an international financial crisis, like the subprime one.
For future research, we suggest to evaluate the price behavior for other developing countries or, even, to carry out a study with just the BRICS (Brazil, Russia, India, China and South Africa), which have had outstood in the worldwide economy from 2010. Also, analyze these effects in the Latin American countries, but altering the weights of the ADR index, considering the effect of foreign investment in the companies, which comprise the indices, since a large number of these companies have high investment from North American investors, funds and banks. In addition, even add some control variables in the GARCH and MGARCH models, which justify the results. For instance, a variable of trade negotiation volume, external capital participation and beta of companies. Maybe the volume is one of the main causers of greater U.S. interdependence, and the beta would control the non-diversified risk effect, allowing only the risk market in the analysis.
